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Abstract
Purpose To estimate the association of emotional distress with both consumption of energy-dense micronutrient-poor foods
(EDF) and body mass index (BMI) and the association between EDF consumption and change in BMI, during COVID-19
pandemic in patients with prior bariatric surgery.
Materials and Methods This cross-sectional study applied an online structured questionnaire to 75 postoperative bariatric
patients during the first Portuguese lockdown. Emotional distress was assessed trough the Hospital Anxiety and Depression
Scale (HADS) and dietary intake was evaluated by Food Frequency Questionnaire (FFQ). Self-reported BMI prior to and at the
end of confinement was used to compute BMI change. Pre-surgery BMI was computed from measured height and weight from
clinical records.
Results After adjustment for education, sex, time since surgery, pre-surgery BMI, and exercise practice, moderate/severe scores
in HADS were significantly positively associated with consumption of EDF (ẞ = 0.799; 95% CI: 0.051, 1.546), but not with
BMI. Daily EDF consumption significantly increased the odds of maintaining/increasing BMI (OR = 3.34; 95% CI: 1.18, 9.45),
instead of decreasing it (reference). Sweets consumption was the only subcategory of EDF significantly positively associated
with the odds of a worse outcome in BMI change (OR = 4.01; 95% CI: 1.13, 14.22).
Conclusions Among postoperative bariatric patients, higher reported levels of emotional distress during confinement are asso-
ciated with increased EDF consumption. Increased EDF consumption during confinement, particularly sweets, is associated with
higher odds of bariatric patients not decreasing their BMI. Additional effort is needed to address inadequate lifestyle behaviors
among these patients in the context of the COVID-19 pandemic.
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Keypoints
• In confinement, higher emotional distress is associated with higher EDF
consumption, but not BMI.
• Sleeve gastrectomy is positively associated with EDF consumption
during confinement.
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With the COVID-19 pandemic, a serious disruption of health-
care services ensued, with a particular impact on metabolic
and bariatric surgery. In April 2020, the International
Federation for the Surgery of Obesity (IFSO) issued recom-
mendations for health-care providers, advising postponement
of metabolic and bariatric surgery and remote follow-up of
patients via virtual means [1]. In July 2020, the Diabetes
Surgery Summit (DSS) recommendations [2] emphasized
the repercussions of limited access to non-urgent care and
the detrimental effect to postoperative monitoring of patients
who underwent bariatric surgery, providing early guidance for
postoperative surveillance.
Results from a worldwide survey to bariatric surgeons
showed a strong impact on clinical practice regarding surgical
and outpatient monitoring, with postponement of appoint-
ments replaced by video calls [3]. Mandatory lockdowns,
physical distancing, and self-isolation practices also contrib-
uted to a shift from in-person to remote monitoring of patients
that underwent metabolic and bariatric surgery [4].
In Portugal, the first cases of infection by SARS-CoV-2
were confirmed on the 2nd of March 2020 [5]. On the 18th
ofMarch 2020, with 642 infections [6], the state of emergency
was declared, stating the prohibition of unjustified travel,
cross-border controls and mandatory confinement [7].
During this confinement period, which lasted until the 3rd of
May 2020, access to non-urgent care was halted in most
Portuguese health services, and in-person appointments were
cancelled with substantial impact on outpatient follow-up and
on bariatric surgery.
Increased emotional distress was likely in the context of the
COVID-19 pandemic, and psychological concerns in meta-
bolic and bariatric surgery were stressed early, highlighting
the propensity of a detrimental effect in adherence to treatment
and patients’ outcomes [4, 8, 9]. A French bariatric multidis-
ciplinary team conducted a global survey on the behavioral
modification towards food consumption during the third week
of confinement, finding that stress, feeling of emptiness, and
boredomwere managed with food consumption and that these
three emotional eating behaviors were significantly positively
associated with lower physical activity [10].
Evidence on emotional distress, dietary intake, and body
mass index (BMI) during the COVID-19 pandemic, either in
candidates or patients that underwent metabolic and bariatric
surgery, is scarce. A Spanish study in a cohort of patients
waiting for bariatric surgery published in the end of 2020
showed that, during the COVID-19 lockdown, BMI in-
creased, and both the obesity surgery score and health-
related quality of life worsened mainly due to psychological
issues [11]. Also, an online survey conducted in Poland during
the pandemic revealed that 75% of pre- or postoperative pa-
tients felt anxiety, while 30% reported increased BMI [12].
Regarding both emotional distress and dietary intake, a sur-
vey, conducted in an academic hospital in the United States of
America (USA) that included 208 patients who underwent
surgery, reported increased depression, as well as increased
snacking, loss of control when eating, and binge eating [13].
Likewise, another study from the USA [14] reported higher
anxiety and depression and stress eating, as well as lower time
and intensity in exercise. These studies evaluated emotional
distress either with a single question for anxiety [12], with few
questions selected from distinct validated instruments for anx-
iety and depression [13], or by the complete 16-items Quick
Inventory of Depressive Symptoms [14] and did not formally
evaluate the association between emotional distress and EDF
consumption.
Formal estimation of associations of emotional distress
with dietary intake, as well as of diet with BMI during the
COVID-19 pandemic, is of particular importance among pa-
tients with obesity that underwent metabolic and bariatric sur-
gery. In our practice, patients are followed at 1, 3, 6, 9, and 12
months during the first year, and every 6 months afterwards.
During the first Portuguese confinement (March to
May 2020), scheduled in-person follow-up appointments
were postponed and replaced by remote video or telephone
calls. Considering that higher emotional distress, lower prac-
tice of physical exercise, and lower adherence to a healthy diet
were likely, we aimed to evaluate these associations. In addi-
tion, we considered that evaluation of consumption of energy-
dense micronutrient-poor foods and beverages (EDF) was cru-
cial, as weight regain in these patients has been related to
snacking behaviors and to excessive intake of sweets and fatty
foods [15, 16].
As such, the objective of the current study was to estimate
the association of emotional distress with both consumption of
EDF and BMI, as well as to evaluate the association between
consumption of EDF and BMI, during the first COVID-19




During the first mandatory confinement in Portugal (from the
18th of March until the 3rd of May 2020), access to non-
urgent care was halted in most Portuguese health services.
This confinement affected both the public and the private
health services, including Hospital CUF Tejo, a private
Portuguese hospital, where our Obesity and Metabolic
Surgery Unit is embedded. Bariatric surgery, as well as in-
person appointments, were cancelled. Hence, patients with
prior bariatric surgery had to be monitored by alternative
means (telephone, telemedicine, and an application (Nutrium
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©, HEALTHIUM – Healthcare Software Solutions, Braga,
Portugal) which was already used by the nutrition service for
medical nutrition therapy). During this distanced follow-up,
several difficulties were reported by our patients including
increased anxiety and snacking. Keeping in mind these report-
ed behaviors, we designed a cross-sectional study that aimed
to collect information during the confinement period.
This study included patients with obesity from the Obesity
and Metabolic Surgery Unit of Hospital CUF Tejo who
underwent metabolic and bariatric surgery prior to the lock-
down. As shown in the flow-chart (Figure 1), enrollment
started 6 weeks after the mandatory lockdown between the
29th of April and the 5th of May 2020. A total of 122 adult
patients met the inclusion criteria (> 18 years of age, submitted
to bariatric surgery prior to the lockdown between September
2018 and March 2020), of which 81 accepted to participate
(participation proportion, 66.4%). Exclusion criteria were pa-
tients still following modified texture diets (n = 4), with reop-
eration (n = 1), or duodenal switch (n = 1). As such, 75 pa-
tients who underwent laparoscopic sleeve gastrectomy or
Roux-en-Y gastric bypass (RYGB), either laparoscopic or ro-
botic, remained for final analysis. Information was collected
through an online structured questionnaire to obtain data on
emotional distress (anxiety and depression), dietary intake,
and BMI during the mandatory confinement due to COVID-
19.
The study was approved by the ethics research committees
of NOVA Medical School and of CUF Tejo, and all proce-
dures performed in studies involving human participants were
in accordance with the 1964 Helsinki declaration and its later
amendments, as well as with the standards laid down by the
Portuguese Data Protection Authority. An online informed
consent was collected for each individual participant.
Emotional Distress (Anxiety and Depression)
Emotional distress was evaluated by the Portuguese version of
the Hospital Anxiety and Depression Scale (HADS) [17], pre-
viously validated for the Portuguese population with chronic
disease [18], applied online. Anxiety and depression subscales
each included seven items rated in a 4-point Likert scale rang-
ing from 0 to 3. Total scores for each subscale were computed
ranging from 0 to 21. These scores can be categorized into
normal (0–7), mild (8–10), and moderate/severe (11–21) [17].
A total HADS score was also computed by summing up the
scores for the 14 items, ranging from 0 to 42 points.
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Fig. 1 This figure illustrates the
study time frame, inclusion and
exclusion criteria. A total of 75
patients were included in the
analysis
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According to the cut-offs proposed for each of the subscales
[17], these scores were further categorized into normal (0 to 14
points, reference category), mild (15 to 20 points), and
moderately/severely (≥ 21 points).
Dietary Information
Dietary intake was evaluated by a semi-quantitative Food
Frequency Questionnaire (FFQ) adapted from a questionnaire
previously validated for the Portuguese general adult popula-
tion [19], shortened for application in the current study. The
FFQ was embedded in the online questionnaire and was self-
completed by participants, querying about how many times,
on average, participants consumed 40 food items during the
previous month. Considering the purpose of the current study,
20 food items within the questionnaire evaluated consumption
of EDF. Seven response options were available, ranging from
never to ≥ 2 times/day. These were further converted into
daily frequencies (e.g., ≥ 2 times per day was converted into
2 times/day, 5–6 times/week was considered as 5.5 times/
week which, divided by 7 days, corresponds to 0.79 times/
day). By summing up these daily frequencies, three groups of
EDF were defined: sweets (cakes, biscuits, chocolate, sugar,
candies, ice cream, deserts); fatty foods (processed meat,
crisps, french fries, salty pastry, fast food); and sugar-
sweetened beverages (colas, other carbonated beverages, iced
tea, non-carbonated beverages). Total consumption of EDF
was also computed by the sum of daily consumption frequen-
cies of these items and was used as continuous in all analyses.
Anthropometrics
Weight prior to and weight at the end of the confinement
period were self-reported, patients being instructed to measure
their weight at the same time with light clothes. Height and
weight prior to surgery were retrieved from electronic clinical
records of the first face-to-face visit to the nutrition appoint-
ment. Height was measured to the nearest 0.1 cm with a wall
stadiometer (SECA®, Hamburg, Germany) and weight was
measured to the nearest 0.1 kg with the InBody 770 (InBody®
Co. Ltd., Seoul, Korea).
Participants’ BMI was computed for three moments (pre-
operative, pre-confinement, at the end of confinement).
Change in BMI during confinement was computed as BMI
at the end of confinement minus BMI prior to it, further cate-
gorized into maintained/increased vs. decreased (reference
category).
Potential Confounding Factors
Potential confounders considered were education, defined as
the number of completed schooling years; monthly per capita
income; participants exact age in years; sex; time since
surgery; type of surgical procedure; BMI prior to surgery;
and exercise practice during confinement, defined as no vs.
yes.
Statistical Analysis
To evaluate the association of participants’ characteristics
with the main exposure of interest (EDF consumption) and
the outcome (BMI), linear regression models, crude and ad-
justed, were fitted to estimate regression coefficients and re-
spective 95% confidence intervals (ẞ, 95% CI).
To assess the association between EDF consumption and
BMI change during confinement (categorized into
maintained/increased vs. decreased as reference category),
crude and adjusted odds ratios (OR) and respective 95% CI
were estimated using binomial logistic regression models.
Four separately fitted models were considered: total EDF con-
sumption; sweets; fatty foods; and sugar-sweetened
beverages.
Potential confounding factors were individually assessed in
each model, and those that did not change the associations of
interest (HADS with EDF, and EDF with BMI) were not
included in the final analyses (participants’ age and income).
Hence, final models were adjusted for education (completed
schooling years), sex (female vs. male as reference category),
exercise practice (no vs. yes as reference category), time since
surgery (months, continuous variable), and type of procedure
(sleeve gastrectomy vs. RYGB as reference category).
Statistical analysis was conducted using SPSS statistical
software package version 27 (SPSS Inc., Chicago, IL, USA)
and a significance level of 5% was adopted.
Results
Participants’ characteristics are presented in Table 1. Physical
exercise practice during confinement was reported only by
34.7% of participants. Mean time since surgery was 9.8
months (standard deviation (SD) = 5.14) and 29.3% individ-
uals were submitted to sleeve gastrectomy. HADS scores were
mild in 18.7% andmoderate/severe in 8.0% participants. Total
daily EDF consumption frequency was high during the con-
finement period (mean = 0.9 times/day, SD = 0.96), and
37.3% of participants did not decrease BMI during
confinement.
In fully adjusted models (Table 2), moderate/severe score
in HADS, when compared to normal (reference), was signif-
icantly positively associated with consumption of EDF (ẞ =
0.799; 95% CI: 0.051, 1.546). Likewise, patients with sleeve
gastrectomy, when compared to those with RYGB, showed
increased daily consumption frequency of total EDF by 0.530
times/day (95%CI: 0.070, 0.990).
OBES SURG
Increased scores in HADSwere not associated with BMI at
the end of the confinement period, neither in crude nor in fully
adjusted models (Table 2). Other variables independently and
significantly positively associated with BMI at the end of con-
finement were time since surgery (ẞ = 0.102; 95% CI: 0.054,
0.149), BMI prior to confinement (ẞ = 0.883; 95% CI: 0.826,
0.940), and physical exercise practice (ẞ = 0.576; 95% CI:
0.198, 0.955). A positive association between consumption of
EDF and BMI at the end of the confinement period was ob-
served in fully adjusted models but did not reach statistical
significance (p value = 0.083).
When considering BMI change, in fully adjusted models
(Table 3), for each increase in daily consumption of EDF, a
three-fold increase in the odds of maintaining or increasing
BMI during confinement, vs. decreasing BMI, was observed
(OR = 3.34; 95% CI: 1.18, 9.45). Regarding separate groups
of EDF, only sweets were positively and significantly associ-
ated with the odds of a worse BMI outcome (OR = 4.01; 95%
CI: 1.13, 14.22).
Discussion
This study shows that, among Portuguese individuals with
previous metabolic and bariatric surgery, moderately to se-
verely increased emotional distress during confinement due
to the COVID-19 pandemic is associated with higher con-
sumption of EDF which, in turn, is significantly positively
associated with a worse outcome in BMI change, particularly
for sweets’ consumption. It also shows that time since surgery
and lack of physical exercise practice are associated with
higher BMI at the end of confinement.
Increased BMI during lockdown due to the COVID-19
outbreak and mildly worsened health-related quality of life
and changes in diet have been reported in a Spanish study
among a cohort of patients on the waiting list for metabolic
and bariatric surgery [20]. In a Brazilian cohort of recently
operated patients, during the COVID-19 lockdown, a relative-
ly high intake of ultra-processed foods was shown [21]. In a
study conducted in the USA [14] including patients who
underwent metabolic and bariatric surgery, increased anxiety
and depression were also reported during stay-at-home orders,
as were difficulty in achieving weight loss goals, lower time
spent practicing physical exercise, and increased stress eating.
Yet, these findings are only partially comparable to those in
the present sample, as these studies did not formally evaluate
associations of emotional distress with dietary intake, nor as-
sociations between diet and BMI.
In contrast, the association between dietary intake and BMI
was formally assessed in a sample of 208 patients with previ-
ous metabolic and bariatric surgery, during the COVID-19
outbreak in the USA [13]. Increased BMI, depression,
snacking behavior, and lower activity levels were observed,
and consumption of less healthy food was positively associat-
ed with weight gain. These findings give strength to those of
the current study. Still, results are comparable to current find-
ings only in part, as in the sample from USA depression and
anxiety were assessed with 2 questions each derived from
distinct instruments which may not capture the same construct
as in the current sample where a complete validated instru-
ment with 14 items (7 for anxiety and 7 for depression) was
applied. Also, in the sample from the USA, the association of
depression or anxiety with dietary intake was not formally
assessed.
Finding that sleeve gastrectomy was positively associated
with consumption of EDF deserves to be discussed. Two stud-
ies in Spanish samples [22, 23] evaluated weight changes
during confinement in patients with prior sleeve gastrectomy.
In one sample [22], confinement did not show a detrimental
effect on weight loss, while in the other [23], increased self-
reported weight was shown during confinement for patients
that underwent sleeve gastrectomy with lower weight gain
being reported among those practicing regular physical exer-
cise. We did not find an association between sleeve
Table 1 Participants’ characteristics




Age, years 47.2 (14.82)
Education, years 15.5 (3.47)
Exercise practice during confinement
Yes 26 (34.7)
No 49 (65.3)
Type of surgical procedure
RYGB 53 (70.7)
Sleeve gastrectomy 22 (29.3)





EDF (daily frequency) 0.9 (0.96)
Sweets 0.6 (0.77)
Sugar-sweetened beverages 0.2 (0.38)




At the end of confinement 29.8 (5.11)
Confinement BMI change (kg/m2) − 0.9 (1.39)
Decreased 47 (62.7)
Maintained/increased 28 (37.3)
SD standard deviation; RYGB Roux-en-Y gastric bypass; EDF energy-
















































































































































































































































































































































































































































































































































































































































































































































































































































gastrectomy and BMI, but we did find that, in comparison to
patients that underwent RYGB, those with sleeve gastrectomy
had significantly higher consumption of EDF. A possible ex-
planation for this is that, although patients after either RYGB
or sleeve gastrectomy show changes in taste and preference
for sweets, fatty foods, and EDF, these changes tend to de-
crease with time post-sleeve gastrectomy but not post-RYGB
[24].
Considering that dumping syndrome is frequent in RYGB
[25], decreased fear of this syndrome among patients with
sleeve gastrectomy, could be another explanation for current
findings. Still, this syndrome may occur in procedures involv-
ing partial gastric resection and may appear in patients with
sleeve gastrectomy [26]. In addition, sleeve gastrectomy is
restrictive, while RYGB is also malabsorptive, which could
explain a higher effect of EDF consumption in sleeve gastrec-
tomy compared to RYGB. Another possible explanation
could be the nuanced differences in the effect of RYGB and
sleeve gastrectomy upon biological mechanisms that deter-
mine eating behavior, namely, a distinct impact upon gut-
derived hormones and gut-brain signaling pathways [24].
Also, the positive association between time since sur-
gery and BMI at the end of the confinement period should
be discussed. Time since surgery in the current sample
varied between participants. Weight regain, maintenance,
or lower weight decrease would be expected to be more
likely in patients with longer time since surgery. Likewise,
patients further out from the surgery could have increased
EDF consumption. Indeed, in the USA sample [13], loss of
control while eating was more common among patients
further out from their date of surgery and was associated
with more weight gain. As such, we considered time since
surgery as a confounding factor and, after adjustment,
higher emotional distress was independently associated
with EDF consumption which, in turn, was associated with
higher odds of patients not decreasing their BMI indepen-
dently of time since surgery. Still, patients further out from
surgery may be more vulnerable and may require different
support strategies during confinement.
Keeping in mind that in stressful circumstances BMI main-
tenance, as opposed to BMI increase, could be regarded as a
reasonable outcome, aggregating patients that either main-
tained or increased their BMI within the same category should
be addressed. A total of 20 patients showedBMImaintenance,
while 17 patients increased their BMI during the confinement
(mean = 0.8 kg/m2, SD = 0.55). The remaining 38 patients
showed, clearly, a better outcome with a mean decrease in
BMI of − 1.7 kg/m2 (SD = 1.20). Considering the small sam-
ple size, subgroup analysis could increase the likelihood of
false negative findings [27]. In addition, mean time since sur-
gery did not differ between participants maintaining or in-
creasing their BMI (mean = 14.0, SD = 5.1 vs. mean = 14.2,
SD = 4.00; p value = 0.907). As such, both maintenance and
increases in BMI were considered as a worse outcome com-
pared to BMI decrease and aggregation of patients within the
same category was considered appropriate.
The cross-sectional nature of this study is a limitation that
must be acknowledged, as it precluded the possibility of
assessing indirect and direct effects of emotional distress,
EDF consumption, and changes in BMI. However, consider-
ing evidence that emotional dysregulation can increase emo-
tional eating and binge eating behaviors before and after met-
abolic and bariatric surgery [28, 29]; that stress, feeling of
emptiness, and boredom were managed with food consump-
tion during confinement [10]; and that increased emotional
distress affects dietary compliance [28], we would expect that
during the COVID-19 pandemic, increased levels of emotion-
al distress would increase consumption of EDFwhich, in turn,
would have a direct effect on BMI. Also, use of self-reported
weight prior to and at the end of the confinement period is a
limitation, as underreporting is common among patients with
obesity [30]. Yet, our patients are instructed during nutritional
appointments to monitor themselves, measuring weight al-
ways at the same circumstances (same scales, with light
Table 3 Association between
consumption of energy-dense
foods and BMI change during
confinement
BMI did not decrease a, n=28
Crude Adjusted b
OR (95% CI) OR (95% CI)
Total energy-dense micronutrient-poor foods/beverages 3.60 (1.72; 7.54) 3.34 (1.18; 9.45)
Sweets 4.22 (1.61; 11.05) 4.01 (1.13; 14.22)
Sugar-sweetened beverages 2.71 (0.72; 10.14) 0.94 (0.09; 9.70)
Fatty foods 2.82 (0.94; 8.33) 2.49 (0.59; 10.58)
BMI, body mass index; OR odds ratio; CI confidence intervals
a BMI maintenance/increase vs. decrease (reference category, n = 47) during confinement
b Adjusted for type of procedure, time since surgery, sex, education, and physical exercise practice
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clothes, at the same time preferably in the morning). In addi-
tion, self-reported dietary intake is prone to social desirability
bias. However, considering the positive association between
increased emotional distress and EDF consumption, as well as
between EDF consumption and worse outcome in post-
confinement BMI, this bias, if present, did not obscure the
expected associations of interest. Small sample size may have
precluded enough statistical power for detecting an associa-
tion between emotional distress and BMI, especially consid-
ering the adjustment for multiple potential confounding fac-
tors. Yet, statistical power was enough to show an association
between EDF consumption and BMI. Still, current findings
warrant confirmation in future studies.
Using the HADS total score instead of the scores of each
subscale (anxiety and depression) should be addressed. Prior
to categorizing the HADS total score, we performed a sensi-
tivity analysis to assess if the separate subscales, as continuous
variables, showed distinct associations with EDF consump-
tion and BMI but did not find evidence of such differences
(Supplementary material). As such, considering that HADS
total has shown good performance in other patients [31], we
deemed this approach as adequate.
Evaluating both emotional distress and EDF as exposures
and their association with BMI is a strength of the current
study since, to the best of our knowledge, this is the first study
formally evaluating such associations. Also, the evaluation of
patients with previous bariatric surgery during confinement
due to the COVID-19 pandemic is a strength, considering that
little is known regarding the pandemic’s effect in these pa-
tients [9]. In addition, using instruments validated for the
Portuguese population is an advantage.
This study has implications for clinical practice.
Considering that although telemedicine implementation is
not yet widely adopted [32], its adoption was shown to in-
crease follow-up visit volume [33]; protocols for monitoring
patients after metabolic and bariatric surgery should imple-
ment measures that enable remote follow-up of these patients
during confinement to minimize its detrimental effects on
emotional distress, diet, and weight outcomes. Our patients
were followed remotely during confinement and, still, in-
creased levels of emotional distress were associated with
EDF consumption, which was, in turn, associated with worse
BMI outcome. As such, developments of new follow-up pro-
tocols for remote surveillance of these patients are warranted.
In conclusion, current results show that patients with pre-
vious bariatric surgery during the COVID-19 pandemic
reporting higher levels of emotional distress are likely to in-
crease consumption of EDF and that they are more likely to
maintain or increase BMI, instead of decreasing it, during
confinement periods. These patients are especially vulnerable
to emotional distress and to inadequate lifestyle behaviors. As
such, specific follow-up strategies with extra focus on emo-
tional distress and consumption of EDF and emphasis on
sweets’ consumption should be implemented in the clinical
setting during confinement, with attention to exercise practice
and a possible particular care for patients with sleeve
gastrectomy.
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